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14. A combination for vaccinating warm-blooded 
vertebrates, including: 

a suspension of attenuated or killed 
microorganisms suitable for inducing immunity to an 
infectious disease; and 

at least one dose of a biologically active 
interferon in a form for administration in an amount no 
greater than about 5 10 of interferon/ lb (11 IU/kg> of 
body weight; 

in which combination the suspension and the dose of 
interferon are optionally in a form for independent 
administration. 

15. The combination of claim 14 where the 
suspension of microorganisms is in a form for oral 
administration and includes the dosage of interferon. 

16. The combination of claim 14, where the 
interferon is in a dosage form for oral administration. 

17. The combination of claim 14, where the 
interferon is human alpha Interferon. 

18. A method for manufacturing a composition for 
use in a method of enhancing vaccine efficiency in 
warm-blooded vertebrates, said method of manufacture 
characterized by combining interferon and a 
pharmaceutical^ acceptable carrier for oral 
administration of said interferon in an amount no 
greater then about 5 IB/lb (11 IU/kg) of body weight. 

19. The method of claim 18 wherein the interferon 
is alpha-interferon. 

20. A vaccine efficiency enhancing composition 
containing interferon for oral administration to a 
warm-blooded vertebrate in conjunction with vaccination 
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o£ said vertebrate, said composition including 
interferon at a unit dosage amount no greater than about 
5 lU/lb (11 lU/kg) of body weight and a pharmaceutical ly 
acceptable carrier therefor, 

21. The composition of claim 20 wherein the unit 
dosage amount of interferon is about 0.01 to about 1.0 
IU/lb (about 0.022 to about 2.2 lU/kg) of body weight. 

22* The composition of claim 20 wherein the 
interferon is alpha interferon. 
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LOW DOSAGE OF INTERFERON TO ENHANCE 
VACCINE EFFICIENCY 

15 

This invention relates generally to methods of en- 
hancing the efficiency of vaccines in warm-blooded verte- 
brates. The methods involve administering interferon to a 
20 warm-blooded vertebrate in conjunction with administration 
of a vaccine. 

"Interferon" is a term generically comprehending a 
group of vertebrate glycoproteins and proteins which are 

25 known to have various biological activities, such as 

antiviral , antiproliferative, and immunomodulatory activ- 
ity in the species of animal from which such substances 
are derived. The following definition for interferon has 
been accepted by an international committee assembled to 

30 devise a system for the orderly nomenclature of inter- 
ferons; "To qualify as an interferon a factor must be a 
protein which exerts virus nonspecific, antiviral activity 
at least in homologous cells through cellular metabolic 
processes involving synthesis of both RNA and protein." 

35 Journal of -Interferon Research , 1, pp. vi (1980). 
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Since the first descriptions of interferon by Isaacs 
and Lindeman [See, prog. Roy. Soe. London (Set* BJ., Vol. 
142, PP- 258 et seo> {1957) and U.S. Patent No. 
-3,699,2223 r interferon has been the subject of intensive 
5 research on a worldwide basis. Publications abound 

concerning the synthesis of interferon; M. Wilkinson and 
A. G. Morris f Interferon and the Immune System i: 
induction of Interferon by Stimulation of the Immune 
System, Interferons: Prom Molecular Biology to Clinical 

10 Application, Eds: D. C. Burke and A. G. Morris, Cambridge 
Univ. Press, 1983, pp. 149-179? P. I. Marcus, Chapter 10, 
Interferon Induction by Virus, Interferons and Their 
Applications, Eds: P. E. Came and W. A. Carter, Springer 
Verlag, {Handbook of Experimental Pharmacology V. 71) 

15 1984, pp. 205-232? its proposed molecular character- 
isations; P. B. Sehgal, How Many Human Interferons Are 
There? Interferon 1982, Ed: I. Gresser, Academic Press, 
1982, pp. 1-22? J. Collins, Structure and Expression of 
' the Human Interferon Genes, Interferons: From Molecular 

20 Biology to Clinical Application, Eds: D. C. Burke and A. 
<3. Morris, Cambridge Univ. Press, 1983, pp. 35-65? K. C. 
Soon and a, Wetzel, Chapter 5, Comparative Structures of 
Mammalian Interferons, la: Interferons and Their Appli- 
cations, Eds: P. E. Came and W. A. Carter, Springer 

25 Verlag, {Handbook of Experimental Pharmacology V. 71) 
1984, pp. 79-100; its clinical applications? M. Krim, 
Chapter 1, Interferons and Their Applications: Past, 
Present, and Future, Interferons and Their Applications, 
Eds: P. E. Came and W. A. Carter, Springer Verlag, (Hand- 

30 book of Experimental Pharmacology V. 71) 1984? S. B. 
Greenberg and M. w. Harmon, Chapter 21, Clinical Use of 
Interferons: Localized Applications in Viral Diseases, 
Ibid. pp. 433-453? and proposed mechanisms of its anti- 
tumor, antiviral, and immune system activities. G. M. 

33 Scott, The Antiviral Effects of Interferon, From Molecular 
Biology to Clinical Application, Eds: D. C. Burke and A. 
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S* Morris r Cambridge Oniv* Press, 1983, pp. 279-311,* M. 
McMahoa and I. M. Kerr, The Biochemistry of the Antiviral 
State, Ibid. pp. 89-108* J«S. Malpas, The Antitumor 
-Effects" of "Interferon, Ibid. pp. 313-327? 0*. Taylor- 
5 Papadimitrion, The Effects of Interferon on the Growth and 
Function of Normal and Malignant Cells, Ibid, pp. 109-147. 

Because of the intensity and disparate origins of 
research concerning interferon and its characteristics and 

10 uses, there exists a substantial lack of uniformity in 

such matters as classification of interferon types. There 
are also numerous, sometimes contradictory, theories 
concerning the mode of action of interferon in producing 
clinical effects. The following brief summary of the 

15 current state of knowledge regarding interferon will aid 
in understanding the present invention. 

Although originally isolated from cells of avian 
origin {chick allantoic cells), interferon production has 

20 been observed in cells of all classes of vertebrates, 
including mammals, amphibians, and reptiles. Interferon 
production by vertebrate cells is seldom spontaneous but 
is often readily "induced" by treatment of cells f in vivo 
or jn vitro) with a variety of substances including 

25 viruses, nucleic acids (including those of viral origin as 
well as synthetic polynucleotides), lipopoly saccharides, 
and various antigens and mitogens. 

Interferons have generally been named in terms of the 
30 species of animal cells producing the substance {e.g., 
human, murine, or bovine), the type of cell involved 
(e.g., leukocyte, lymphoblastoid, fibroblast) and, occa- 
sionally, the type of inducing material responsible for 
interferon production {e.g., virus, immune). Interferon 
35 has been loosely classified by some researchers according 
to induction mode as either Type I or Type II, with the 
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former classification comprehending viral and nucleic acid 
induced interferon and the latter class including the 
material produced as a lymphokine through induction by 
-antigens and mitogens. More recently, the international 
5 committee devising an orderly nomenclature system for 
interferon has classified interferon into types on the 
basis of antigenic specificities. In this newer classi- 
fication f the designations alpha beta (J? ) f and 
gamma { # ) have been used to correspond to previous 

10 designations of leukocyte, fibroblast, and type II 
(immune) interferons, respectively. Alpha and beta 
interferons are usually acid-stable and correspond to what 
have been called type I interferons? gamma interferons are 
usually acid-labile and correspond to what has been called 

15 type II interferons. The international committee's 
nomenclature recommendations apply only to human and 
murine interferons, qournal of Interferon Research , £ pp, 
vi (1980). 

20 Determination of precise molecular structures for 

interferon was for some time beyond the capacities of the 
art. In the years since interferon was first charac- 
terized as proteinaceous on grounds of its inactivation by 
trypsin, attempts to purify and uniquely characterise were 

25 frustrated by its high specific activity as well as its 
apparent heterogeneity. Presently, some precision in 
determining molecular structure has been achieved for 
interferon. See, P. B. Sehgal, supra ; J. Collins, supra? 
and K. C. Zoon and R. Wetzel, supra . 

30 

In its earliest applications, interferon was employed 
exclusively as an antiviral agent and the most successful 
clinical therapeutic applications to date have been in the 
treatment of viral or virus-related disease states. It 
35 became apparent, however, that exogenous interferon was 
sometimes capable of effecting regression or remission of 
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various metastatic diseases. An overview of current 
clinical trials of interferon as an antiviral and anti- 
proliferative therapeutic agent through early 1983 is 
.contained in The Biology of the Interferon System 1983, 
5 Proceedings of the Second International TNO Meeting on the 
Biology of the Interferon System, Kotterdam, The 
Netherlands, 18-22 April 1983, and Antiviral Research, 
March 1983, Special Abstract Issue, Elsevier/Nor th-Hol land 
Biomedical Press, Netherlands. 

10 

The clinical agent of choice in this work has been 
human leukocyte interferon, "mass-produced" by procedures 
involving collection and purification of vast quantities 
of human buffy coat leukocytes, induction with virus, and 
15 isolation from culture media. The need for interferon of 
human source is, of course, consistent with the long- 
standing conclusion that interferon is "species specific", 
i.e., biologically active, in vivo , only in species 
homologous to the source cells. 

20 

In the work described above, interferon has been 
administered parenterally , i.e., intramuscularly and 
intradermally, with some successful topical and intranasal 
usages having been reported. It has seldom been adminis- 

25 tered intravenously because of substantial adverse effects 
attributable to "contaminants" in crude and even highly 
purified isolates. The invention of applicant described 
in U.S. Patent No. 4,462,985, and in ?CT International 
Application No. PCT/US 81/01103, filed August 18, 1981, 

30 published March 4, 1982, concerns the use of interferon of 
heterologous species origin, and also involves oral 
administration of interferon. Prior to these disclosures, 
there had been no reports of therapeutically successful 
- oral administration of interferon. This circumstance was 

35 consistent with the widely held belief that interferon 



would not withstand exposure to a digestive environment 
such as that found in mammals. 

In -addition to use in antiviral and antitumor thera- 
py* interferon has rather recently been noted to possess 
immunomodulatory effects, both immunopotentiating and 
immunosuppressive in nature. $» Lebleu and J. Content, 
Mechanisms of Interferon Action; Biochemical and Genetic 
Approaches, Interferon 1982, Ed: I. Gresser, Academic 
Press, 1982, pp. 47-94; M. Moore, Interferon and the 
Immune System, 2: Effect of IPN on the Immune System, 
Interferons: From Molecular Biology to Clinical Appli- 
cation, Edsj D. C. Burke and A. G. Morris, Cambridge Univ. 
Press, 1983, pp. 181-209? H. Smith-Johannsen, Y-T Sou, X-T 
Liu, and Jf-H Tan, Chapter 6, Regulatory Control of Inter- 
feron Synthesis and Action, Interferons and Their Appli- 
cations, Eds i P. 2, Came and W. A. Carter, Springer 
Verlag, (Handbook of Experimental Pharmacology V. 71} 
1984, pp. 101-135; J. L. Raylor, J. L. Sabram, and S. E. 
Grossberg, Chapter 9, The Cellular Effects of Interferon, 
Ibid. pp. 169-204?-. J. M. Zarling,- Effects of Interferon 
and Its Inducers on Leukocytes and Their Immunologic 
Functions, Ibid. pp. 403-431? R. Ravel, The Interferon 
System in Mam Nature of the Interferon Molecules and Mode 
of Action, Antiviral Drugs and Interferon: The Molecular 
Basics of Their Activity, Ed: Y. Becker, Martinus Nijhoff 
Rub., 1984, pp, 357-433. 

Further, "new" biological activities for exogenous 
and endogenous interferon are consistently being ascer- 
tained. K. Berg, M. Bokland, and I » Heron, Biological 
Activities of Pure HuXFN- Alpha Species, Interferon, 
Properties, Mode of Action, Production, Clinical Appli- 
cation, Eds: S. Munk and ft, Kirchner, (Beitrage 2ur 
Onkologie 7. 11) pp. 118-126; S. Pestka et al, The Spe- 
cific Molecular Activities of Interferons Differ for 
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Antiviral, Antiproliferative and Natural Killer Ceil 
Activities, The Biology of the Interferon System, 1983 , 
Mst E. DeMaeyer and H. Schellefcens, pp. 535-549? p. K. 
-Week and P.~ £. Cane, Chapter 16, Comparative Biologic 
5 Activities of Human Interferons, Interferons and Their 
Applications, Eds; P. E. Came and W. A, Carter, Springer 
Verlag, (Handbook of Experimental Pharmacology V. 71} 
1984, pp. 339-355. 

ICS One infectious disease which has not been controlled, 

by interferon or other means, is bovine respiratory 
disease complex ( BRDC ) , BRDC is an all-encompassing term 
describing an acute, contagious infection of cattle 
characterized by inflammation of the upper respiratory 

15 passages and trachea. BRDC leads to pneumonia with 

clinical signs of dyspnea, anorexia, fever, depression, 
mucopurulent nasal discharge and mucopurulent ocular 
discharge, all of which result in high morbidity and 
mortality. BRDC is a major cause of disease loss in beef 

20 cattle. The economic loss to cattlemen for treatment, 
weight loss, death loss, and culling is estimated to be 
$333,000,000 annually (National Cattlemen's Association, 
1980). 

25 When BRDC sympt ontology is observed in cattle after 

transport to feedlots or pastures, it is commonly called 
'♦shipping fever." On their way to the feedlot, calves are 
subjected to the stresses of intensive management tech- 
niques, transportation without food or water, and a 

30 variety of infectious agents* Upon arrival at the feed- 
lot, processing exposes the calves to the additional 
stresses of weaning, castration, dehorning, branding, 
eartagging, worming, vaccination, and delousing. In many 
situations, calves are stressed still further by changes 

35 in diet and environmental factors. 
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The infectious agents to which calves entering the 
marketing system are exposed include viruses {infectious 
bovine rhinotracheitis {XSR), non-IBH herpesviruses, 
-parainfluenza type 3 (Pl3) f bovine viral diarrhea (BVD) , 
5 respiratory syncytial r adenoviruses, enteroviruses , 
rhinoviruses, parvoviruses/ and reoviruses) , bacteria 
( Pasteur ell a hemolytica , Pasteurella multocida , and 
Hemophilus somnus ) , mycoplasma (Ma. dispar , Jk, bovlrhinis . 
Mj. bovis , and arainini l , and Chlamydia. 

10 

The IBR, BVD, and PI 3 viruses are three of the 
infectious agents that are most commonly isolated by 
veterinary diagnostic laboratories in cases of 3RDC, 
While some commercial vaccines for XSR, BVD, and PIS are 

15 available, they have not been completely satisfactory in 
the past, partly because vaccination of calves stressed by 
shipping can exacerbate the clinical signs of the disease. 
Also, some calves will not develop antibodies after 
vaccination, leaving them still susceptible to infection. 

20 Furthermore, many commercial vaccines are designed to 
provide protection no sooner than 14 days after 
vaccination, tracking the U.S. Department of Agriculture, 
Bureau of Biologies, immunogenicity test. Because of the 
imperfections of the vaccination treatments used in the 

25 past and the enormous economic losses involved, a need 
exists for improved methods of preventing and treating 
bovine respiratory disease. 

In a more general sense, a need exists for improved 
30 methods of vaccinating cattle and other warm-blooded 

vertebrates. Present vaccines are sometimes harmful. For 
example, they can produce a detrimental vaccine infection. 
If the efficiency of vaccines could be improved, then the 
amount of killed or attenuates microorganisms needed to 
35 give an effective vaccination dose could possibly be 
reduced. This would in turn decrease the chances of a 



detrimental vaccine infection and reduce the cost of the 
vaccine. The possibility of producing a quicker antibody 
response to vaccination would also exist. 

Applicant has made the surprising discovery that 
administration of a biologically active interferon in 
conjunction with the administration of a vaccine can 
enhance the vaccine's efficiency. 

A method in accordance with the present invention of 
enhancing the efficiency of a vaccine in warm-blooded 
vertebrates includes or comprises administering to a 
warm-blooded vertebrate, in conjunction with the adminis- 
tration of a vaccine, a biologically active interferon in 
a dosage no greater than about 5 IU/lb of body weight per 
day, The presently preferred dosage is about 1,0 Iff of 
human interferon alpha per pound of body weight "per day. 

The interferon can be administered to the animal 
through a number of routes, such as orally, intranasally, 
intramuscularly, or intravenously. Oral administration is 
presently preferred. It can be administered in a single 
dose, either simultaneously with the administration of the 
vaccine or within about one day before or after the 
vaccine administration. Alternatively, the interferon can 
be administered in several doses, for example, by admin- 
istering a dose on two or more of the days in the period 
consisting of the day before vaccine administration, the 
day of vaccine administration, and the day after vaccine 
administration. If the interferon and vaccine are admin- 
istered simultaneously, they can be administered sepa- 
rately or mixed together. 

The advantages of the present invention include 
enhanced vaccine efficiency by promotion ©f antibody 
production, earlier antibody production, and reduced 
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vaccine costs as a result of using a smaller amount of 
microorganisms to produce an effective dose. As an 
example of the latter advantage, current IBR vaccine 
_dosages„ar* about 10 5 * 5 to 10 5 * 0 TCD^/ml. Applicant ■ 
5 believes that the present invention should allow reduction 
of this dosage by a factor of about ten to one hundred. 

The present invention achieves its effects with low 
doses of interferon. In addition to the favorable bio- 

10 logical activity, using small doses naturally makes these 
methods less expensive than if they used large doses. 
Methods in accordance with the present invention are 
applicable to animal species such as bovine, porcine, 
caprine, ovine, avian, feline, canine, and equine species, 

15 as well as humans. 

The interferon administered can be of heterologous or 
homologous species origin. (''Heterologous species origin" 
means that the interferon has been derived from cells of a 
20 species other than that to which it is administered.) 

The optimum dosage of interferon varies somewhat 
species to species, and probably animal to animal. Also, 
effects similar to those produced by a given daily dosage 

25 administered for a given number of days might be achieved 
by administering a slightly lower dosage for a slightly 
greater number of days, or a slightly higher dosage for a 
slightly smaller number of days. Along the same lines, if 
an animal has an infection that is causing it to secrete 

30 some interferon naturally, the dosage to be administered 
might be reduced somewhat to achieve the same biological 
effects. 



35 



Applicant has filed several previous patent appli- 
cations relating to methods of using interferon {U.S. 
Patents 4,462,985 and 4,497,795, and U.S. patent appli- 
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cation serial no. 688,868, filed on January 4/ 1985). 
They are incorporated in this specification by reference. 

The methods of the present invention can use inter- 
5 ferons produced by methods known to those skilled in the 
art. One specific suitable method of preparing an inter- 
feron is described below in Example 1. Examples 2-6 
illustrate methods of using interferon. All geometric 
mean titers of antibody are expressed to the base 2 in the 
10 following examples. 



EXAMPLE 1 



Human interferon alpha can be prepared through the 

IS following procedure, commonly referred to as the Cantell 
procedure. The process begins with packs of human leuko- 
cytes/ obtained in this case from the Gulf Coast Regional 
Blood Center, Houston, Texas. The huffy coats in these 
packs are pooled into centrifuge bottles, and then are 

20 diluted with 0.83% ammonium chloride. The mixture is 

incubated for 15 minutes with intermittent shaking, and is 
then centrifuged for 20 minutes at 2000 rpm. The super- 
natant is discarded, and the cell pellets are resuspended 
with a minimal volume of sterile phosphate buffered saline 

25 {PBS). The mixture is then diluted with ammonium chloride 
and centrifuged. The supernatant is again discarded, and 
the remaining cell pellets are resuspended with a minimal 
volume of a tissue culture medium such as Minimal Essen- 
tial Medium (MEM), available from KG Biological, The cell 

30 concentration is determined with a Coulter counter. 



Interferon induction takes place in glass or plastic 
bottles. The induction medium contains MEM, 75mM Hepes 
{available from Calbiochem) , 75mM Tricine {available from 
35 Sigma Chemical Co.), human agamma serum { ISmg/ml) , and 

gentamycin sulfate (from H. A. Bioproducts? 50mcg/ml}. The 
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ceils are added to the induction vessels at a final 
concentration of about 5 to 10 million cells per milli- 
liter. The induction vessel is incubated in a 37°C water 
. -bath, and interferon alpha is added as a primer. 
5 

After two hours, Sendai virus is added to the induc- 
tion mixture. This causes alpha interferon to be produced 
in the supernatant by the leukocytes. After a 12-18 hour 
incubation time, the induction mixture is centrifuged. 
10 The ceils are discarded, and the supernatant is then 
purified. 

The crude interferon is chilled to 10«C or below in 
an ice bath. Five molar potassium thiocyanate is added to 
15 obtain a final concentration of 0.5M. This solution is 
stirred for 15 minutes, and then its pH is lowered to 3.3 
by adding hydrochloric acid. The mixture is then cen- 
trifuged at 2800 rpm for 30 sdnutes, and the supernatant 
is discarded. 

20 

The pellets are then resuspended in 95% ethanol and 
are stirred for 15 minutes. This suspension is centri- 
fuged at 2800 rpm for 20 minutes, and the pellets are 
discarded. The pH of the supernatant is then adjusted to 

25 5.8 with sodium hydroxide. The mixture is stirred for 10 
minutes, and then centrifuged at 2800 rpm for 20 minutes. 
The pellets are discarded. The pH of the supernatant is 
then adjusted to 8 with sodium hydroxide, This solution 
is stirred for 10 minutes, followed by centrifugation at 

30 2800 rpm for 20 minutes. The supernatant is discarded, 
and the pellets are resuspended with 0.5M potassium 
thiocyanate in a 0.1M sodium phosphate buffer. This 
suspension is stirred at 4°C. 

35 Next, the suspension. is centrifuged at 2800 rpm for 

20 minutes, and the pellets are discarded. The pH of the 
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supernatant is adjusted to 5 j with hydrochloric acid. 
After stirring for 10 minutes and centrifugation, the pH 
of the supernatant is adjusted to 2.8 with hydrochloric 
acid, followed by further stirring for 20 minutes. This 
" 5 mixture is centrifuged at 2800 rpm, and the resulting 
pellet is purified human interferon alpha. 

The pellet is resuspended with 0.5M potassium thio- 
cyanate in 0.1M sodium phosphate buffer, having a pa of 
10 8.0. It is then dialyaed against PBS at 4°C, with two 
changes of PBS. This mixture is then centrifuged and the 
precipitate is discarded. The remaining purified alpha 
interferon is sterilized by filtration through a 0.2 
micron filter. 

IS 

A human interferon alpha is produced in accordance 
with this procedure by Immuno Modulators Laboratories, 
Inc., Stafford, Texas, and sold under the trademark 
Agriferon*-C for use in cattle. 

20 

Other procedures known to those skilled in the art 
are available for making interferons, such as human 
interferon alpha and human interferon gamma* For example, 
U.S. Patents 4,376,821 and 4,460,685 disclose methods of 
25 making human interferon gamma. A method of making bovine 
fibroblast interferon is disclosed in applicant's U.S. 
patent 4,462,985. 

EXAMPLE 2 

30 

Forty feeder calves were randomly assigned to four 
treatment groups of ten calves each. All of the calves 
were initially seronegative to IBS virus. The calves were 
given either a placebo or human interferon alpha orally in 
35 three consecutive daily dosages of 0.05, 0.5, or 5.0 lU/lb 
body weight, respectively. A dose of interferon or the 
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placebo was given on the day before, the day after, and 
the day of IBS virus inoculation. Each calf was given 10 : 
plaque forming units (PPO) of IBR virus per nostril. 

5 Tables 1-3 show the results of this test. 
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TAB&B 2 

"Geometric Mean Serum Antibody T iters 
5 to IBR Virus 



Treatment 




Davs After Virus 


Group 


0 


14 25 


Control 


0 


1.9 29.8 


0.05 XU/lb 


0 


3.7 27.9 


0.5 ITJ/lb 


0 


8.8 24.3 


5.0 iy/ib 


o 





15 TABLE 3 

Geometric Mean Titers 
of Plaque Forming Units 
{FPU) of IBR Virus Excretion 

20 

Days after Inoculation, 



Treatment Group 


0 


3 , 




? 




10 


14. 


Control 


0 


2 




204 


6, 


,310 


12,078 


0.05 ID/lb 


0 


21 


3, 


,396 


174, 


,582 


298 


0.5 IO/lb 


0 


221 


20, 


,749 


20, 


,184 


7 


s.o nj/ib 


0 


71 


4, 


.130 


43, 


,451 


132 



As Table 1 shows, the rectal temperatures of the 
30 cattle differ significantly among the four treatment 

groups after inoculation. More calves given the 0*5 lU/ib 
dosage than controls had a fever of at least i04 e F at 5, 
6, 7, 8 and 9 days after inoculation. More control calves 
had a fever greater than 104*F at 14 and 18 days after 
35 virus inoculation. 
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Antibodies to IBR virus were produced in all groups. 
However, Table 2 shows that antibody production occurred 
significantly faster in the group treated with 0.5 ITJ/lb. 
.Nasal excretion of IBR virus also occurred and disappeared 
5 sooner in the 0.5 Itl/lb treatment group, as shown in Table 
3. Significantly more virus was excreted by the 0,5 ID/lb 
treatment group than by controls at 3 and 7 days after IBR 
virus inoculation, but significantly less virus was 
excreted at 14 days after inoculation. At 14 days, only 7 
10 s>FU of virus were excreted by calves given 0.5 Itl/lh 
compared to over 12,000 FPO of virus excretion from 
controls. 

In summary, human interferon alpha administered 
15 orally at 0.5 IU/lb of body weight significantly stimu- 
lated antibody development at 14 days after IBR virus 
inoculation and significantly reduced IBR virus shedding 
at 14 days after inoculation. 

20 EXAMPLE 3 

A number of light weight feeder calves {average 
weight 460 lbs) were shipped to a feedlot, and subsequently 
many experienced a natural shipping fever outbreak. The 

25 calves were not vaccinated. The calves were tested for 
the presence of antibody to PX3 virus. The calves that 
tested seronegative were divided into three treatment 
groups, and human interferon alpha or placebo was admin- 
istered to the three groups in three consecutive daily 

30 oral doses of 0, 0.1, or 1.0 IU/lb of body weight, respec- 
tively. Table 4 shows the results of this test. 
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TABLE 4 

Serology to Parainfluenza- 3 Virus 
- 28 Days after Arrival at Feedlot 



5 



NO. Of 






Seronegative 


Treatment Group 


Seroconversion 


Calves 


f ID/lb bodv wt.} 


..at.,,28 Days 


31 


0.00 


71% 


30 


0.10 


96% 


33 




75% 



As Table 4 shows, the calves treated with the 0.1 
IS lU/lb dose achieved significantly better seroconversion to 
PI3 virus during natural disease than calves treated with 
1.0 10/lb or with placebo. 

EXAMpfrs; 4 

20 

A number of calves were divided into six treatment 
groups of eighteen each. Two of the treatment groups were 
given a full dose of vaccine, two groups were given a 
hundred fold reduced dose of vaccine, and the remaining 
25 two groups were not vaccinated. For each of the pairs of 
treatment groups, one group was treated orally with 
interferon and one was not. 

The vaccine was an IBR-PI3-BVD modified live virus 
30 vaccine obtained from CSVA Dabs, serial no. 71020L39, and 
contained at least 10 s * 7 TCDg./ml of I BR virus, 10 4 * 3 
TCD 5Q /inl of SVD virus, and 10** 7 TCD 5Q /ml of PI 3 virus. 
The vacinnation was administered intramuscularly. The 
interferon treatment was a single oral dose of human 
35 interferon alpha at the rate of 1.0 lU/ib of body weight 
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and was administered at the time of vaccination* Tables 
5-7 show the results of this test, 

- - TABLE 5 

5 

Geometric Mean Antibody Titers to 

IBR Virus 13 and 25 Days after 
Vaccination of Seronegative Calves 



^0 GMT after Vaccination 



Vaccine 




No. of 


on Day 




„,Htaff« 


Treatment 




13 


25 


IslOOX 


Placebo 


14 


1,8 


5.7 


1:100X 


Interferon 


15 


2,3 


4.2 


IX 


Placebo 


15 


2.9 


5.3 




Interferon 


16 


3.0 


7.3 



TABLE 6 

20 

Geometric Mean Antibody Titers to 

BVD Virus 13 and 25 Days after 
Vaccination of Seronegative Calves 









GMT after 


Vaccination 


Vaccine 




So. of 


on 


„Pay 


Dose 


Treatment 




13 


25 


IjIOOX 


Placebo 


15 


1.3 


5.5 


lilOOX 


Interferon 


11 


1.4 


3.1 


IX 


Placebo 


14 


1.3 


11.2 


IX 


interferon 


15 


2.4 


12.7 



WO 87/04076 



-20- 



PCT/US86/02783 



Seroconversion to PI 3 Virus 
- 0 and 25 Days after Inoculation 
5 with a Full Dose of vaccine 





Treatment 


PI 3 Virus &ntibodv Titer on Dav 




25 


A 


Placebo 


<4 


<4 


3 


Placebo 


<4 


<4 


C 


Interferon 


<4 


15 


D 


Interferon 


<4 


8 


E 


Interferon 


<4 


4 


P 


Interferon 


<4 


8 


<? 


Istgrgeron 


<4 


4 



Table 5 shows that calves treated with interferon 
produced slightly higher geometric mean titers to IBR 

20 virus at 13 days after vaccination than did calves not 

treated with interferon at equal vaccine dosages. Table 6 
shows that the same was generally true for geometric mean 
antibody titer to BVD virus. Table 7 shows a significant 
improvement in seroconversion in calves treated with 

25 interferon versus controls. Neither of the two calves (A 
and B) reported in this table who were not treated with 
interferon achieved a PI3 virus antibody titer of as high 
as four on the 25th day after vaccination. However r each 
of the five calves (C-G) treated with interferon had 

30 achieved a titer of at least four by that time. 

EXAMPLE 5 



35 



One hundred calves were divided into five treatment 
groups of twenty each. One group was used as controls and 
was vaccinated but not treated with interferon. The other 
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four groups were vaccinated and treated with either one 
dose of lyophilized interferon, two doses of lyophilised 
interferon, one dose of interferon that had been frozen, 
..or two doses of interferon that had been frozen. The 
5 interferon was human interferon alpha and each oral dose 
was 1,0 XU/lb of body weight. The vaccination was with 
the same vaccine identified in Example 4. fables 8-10 
show the results of this test. 

10 TABLE 8 

Geometric Mean Titers of Antibody 
of Seronegative Calves 
to IBR Virus 14 Days after Vaccination 







lk.Mm „af ter Vaccination 






No. of 




NO. Of 


Calves With 


Treatment 


calves ■ 


Titer > 8 qm 


Control 


16 


1 4.2 


lyo. once 


18 


8 4.0 


,lxo, twice 


18 


U 5.0 
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TABLE 9 



Geometric Mean Titers of Antibody 

of Seronegative Calves to ivD 
Virus 28 Days After Vaccination 





wo, of 




Treatment 




GMT 


Control 


15 


12.7 


lyo. once 


17 


14.7 


lyo. twice 


12 


13.5 


froat. once 


19 


19.2 


frps., twice 


16 


15.3 



Fever and Sickness 



20 








Fever 


Antibiotic 




No. of 






Duration 


Treatment 






Treatment 


Peak f* 


FL. > 104*? 


„ , Days 




16 


Control 


105.4 


2.88 


6.4 


25 


18 


lyo. once 


105.5 


2.28 


5.8 




17 


lyo. twice 


105.5 


2.35 


5.9 




16 


froa. once 


105.1 


2,31 


5.6 




18 


froz. twice 


lP5t? 


3.11 


6.7 



Table 8 shows that a slightly higher percentage of 
calves achieved a geometric mean antibody titer to I BR 
virus of at least eight by the fourteenth day after 
vaccination if they had been treated with interferon, 
Table 9 shows that all interferon treatment groups pro- 
duced higher GMT* s of antibody to BVD virus at 28 days 
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than did the controls, Table 10 shows that most groups of 
calves treated with interferon had a shorter fever 
duration. 

5 EXAMPLE „S 

One hundred two light weight feeder steers and bulls 
(average pay weight 442 lbs.) were purchased from an order 
buyer in Tennessee. The calves were trucked to Texas and 
10 then treated with nothing or human interferon alpha orally 
{1 XtJ/lb) on arrival. The next day during processing the 
calves were given another 1 lU/lb dose of interferon and 
were vaccinated as shown in Table 11. 

15 

TABLE 11 



No. of 




BVD 


Selves 


Interferon 


Vaccine 


17 


twice 


none 


17 


none 


none 


17 


twice 


Diamond Labs (killed) 


17 


none 


Diamond Labs (killed) 


17 


twice 


Nordens MLV TS (Lot A/3. 18. 85) 


17 


none 


Nor dens...MLV TS (Lot A/3.18.851 



Tables 12-15 show the results of this test. 

30 
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TABLS 12 

Number of Calces Treated With 
- Antibiotics Because Fever > 104°F 

5 . 

, Treatment No. off Calves Treated On 



ayp Vaccine Interferon Arrival Processing 4-1 Day Later 



none 


none 


2 


12 


2 


0 


none 


twice 


3 


8 


2 


2 


killed 


none 


2 


8 


1 


2 


killed 


twice 


2 


8 


6 


1 


live 


none 


2 


10 


1 


3 


live , 


twice 


5 


8 




1 



15 

TABLE 13 



Morbidity and Retreatment Hates 



Treatment 




Morbidity 


Retreatment 


3VD Vaccine 


Interferon 


Ratef \\ 


Ratef %1 


none 


none 


93 


79 


none 


twice 


86 


50 


killed 


none 


73 


36 


killed 


twice 


100 


53 


live 


none 


83 


50 


live 


twice 


93 


90 



WO 87/04076 



~25~ 



FCT/USS6/02783 



TABLE 14 



Fever Duration and Peak Temperature 



no. of 


Treatment 


Feverf Ave, j 


qalves 


RVft.yaccine 


Interferon 


Duration* „ 


?»ak< a P) 


16 


none 


none 


2.1 


105.5 


15 


none 


twice 


2.4 


105,1 


13 


killed 


none 


2.4 


105.3 


17 


killed 


twice 


1.9 


105.2 


16 


live 


none 


2.2 


105.3 










105.3 



* Duration in days with fever > 104°F. 

15 

TABLE 15 

Serological Response 
20 

GMT, -of SVD 
Antibody 

No. of No. of 28 Days After 

Calves Treatment Seroconversions Vaccination „ 

25 15 BVD vaccine 11 6.65 

+ interferon 

16 BVD vaccine 6 3. 22 

30 

Table 12 shows the number of calves in each group 
that were treated with antibiotics because of having a 
fever of at least 104 e F. The number is given for the day 
35 of arrival/ the day of processing, one day after process- 
ing , and finally several days after processing. As the 
"arrival" column shows, substantially more calves in the 
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group that was vaccinated with live virus and given two 
doses of interferon were sick before the vaccination, 
This is probably also reflected to some extent in the 
..results- shown in the subsequent tables, 

5 

Table 13 shows the percentage morbidity rate, that 
is, the percentage of calves that required antibiotics 
treatment r and the percentage of calves that required 
retreatment with antibiotics. Table 14 shows the fever 

10 experienced by the calves in the different groups. In the 
groups vaccinated with live virus, the duration of fever 
over 104«F was reduced in calves treated with interferon. 
Table 15 shows that seroconversion and GMT of BVD antibody 
were significantly improved in calves treated with 

IS interferon. 

* * * 

If interferon is to be administered ■ to animals 
20 simultaneously with the administration of a vaccine, the 
two can be administered separately or mixed together. 
{"Simultaneously" is used here and in the claims to mean 
administration within a few minutes of the same time, not 
necessarily at the same precise second.) If they are 
25 mixed together/ the formulation can be the same as stan- 
dard vaccine formulations (which include a suspension of 
attenuated or killed microorganisms suitable for inducing 
immunity to an infectious disease). Such vaccine formu- 
lations are well known to those skilled in the art. The 
30 only change would be the addition of the necessary amount 
of a biologically active interferon. Such formulations 
can include pharmaceutically acceptable carriers such as 
phosphate buffered saline (PBS). 

35 The proceeding specification describes specific 

embodiments of this invention for the purposes of illus- 
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tration and explanation. Those skilled in this art will 
recognize that many modifications could be made to the 
materials and methods described that would still be within 
.the scope and spirit of the invention. Applicant intends 
5 for the following claims to be interpreted to include all 
such modifications. 
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X. A method of enhancing the efficiency of a vaccine in 
-warm blooded vertebrates, including administering to a 
5 warm blooded vertebrate in conjunction with the adminis- 
tration of a vaccine a biologically active interferon in a 
dosage no greater than about 5 lU/lb of body weight per 
day, 

10 

2. The method of claim 1 where the dosage is about 
- 1,0 lU/lb of body weight per day. 



15 3. The method of claim 1, where the interferon is 
administered simultaneously with the vaccine. 



4. The method of claim 1, where the interferon is 
20 administered within about one day before or after, the time 
...when the vaccine is administered. 



5, The method of claim 1, where the interferon is 
25 administered on two or more of the days in the period 

consisting of the day before vaccine administration, the 
day of vaccine administration/ and the day after vaccine 
administration. 

30 

6. The method of claim 1, where the interferon is 
administered orally. 



35 7. The method of claim 1, where the interferon is 
administered intranasally. 
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8. The method of claim 1, where the interferon is 
administered intramuscularly. 



5 9. The method of claim l f where the interferon is 
administered intravenously. 



10. The method of claim 1, where the interferon is human 
10 interferon alpha. 



U, The method of claim 1, where the dosage is about 

1.0 xn/lta of body weight per day, the interferon is human 

15 interferon alpha, and is administered orally simultane- 
ously with the vaccine. 



12, A method of enhancing the efficiency of a vaccine in 
20 warm blooded vertebrates, including the steps of s 

administering a vaccine to a warm blooded 
vertebrate; and 

25 administering to the warm blooded vertebrate within 

about one day before or after the administration 
of the vaccine a biologically active interferon 
in a dosage no greater than about 5 lU/lb of 
body weight per day. 

30 

13, The method of claim 12, where the interferon is 
administered simultaneously with the vaccine. 



35 
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14. A composition for vaccinating warm blooded verte- 
brates, including s 

a suspension of attenuated or killed microorganisms 
5 suitable for inducing immunity to an infectious 

disease? and 

a biologically active interferon. 

m 

15, The composition of claim 14, also including a pharma- 
ceutically acceptable carrier. 

15 16. The composition of claim 14, where the microorganisms 
are IBR virus. 

17, The composition of claim 14 , where the interferon is 
ZQ human interferon alpha. 
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